The human rhinovirus minor group receptor was extracted from HeLa cell membranes and partially purified. Receptor activity was detected on Western blots by binding of 3sS-labelled human rhinovirus serotype 2 to the immobilized protein at a position corresponding to an Mr of 120 x 103.
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SUMMARY
The human rhinovirus minor group receptor was extracted from HeLa cell membranes and partially purified. Receptor activity was detected on Western blots by binding of 3sS-labelled human rhinovirus serotype 2 to the immobilized protein at a position corresponding to an Mr of 120 x 103.
Human rhinoviruses (HRVs) constitute a large family comprising 100 serotypes within the genus Picornaviridae (Hamparian et al., 1987) . From X-ray crystallographic data and from analysis of escape mutants, it has been inferred that at least four types of protrusions on the capsid surface are the targets for neutralizing antibodies (Rossman et al., 1985) . Comparison of the amino acid sequences of the coat proteins of serotypes HRV2, HRV14 and HRV89 indicates that these sites exhibit extreme sequence variability, whereas amino acids on the inside of the capsid are rather conserved (Callahan et al., 1984; Stanway et al., 1984; Skern et al., 1985; Duechler et aL, 1987) . Although the external structure is thus different in all serotypes, only two membrane receptors have been found which account for the binding of all 88 serotypes so far examined (Colonno et al., 1986) . The receptor for the major group (78 serotypes) has been purified and characterized using a monoclonal antibody obtained by immunization with HeLa cells (Tomassini & Colonno, 1986) . The minor group receptor (10 serotypes) has been considerably enriched by various purification steps using a filter-binding assay to detect virus binding activity in the different fractions (Mischak et al., 1988) . The Mr was determined by size exclusion on Superose 6 (Pharmacia) columns to be of the order of 450K for both receptors in their native conformations (Tomassini & Colonno, 1986; Mischak et aL, 1988) .
In the case of the minor group receptor, sensitivity to reducing agents such as dithiothreitol pointed to disulphide bonds being responsible for the maintenance of the native structure. Furthermore, the high Mr of both receptors in their native state together with the finding that the major group receptor could be dissociated into subunits of Mr 90K in the presence of SDS and 2-mercaptoethanol prompted us to investigate further the subunit structure of this protein.
The rhinovirus minor group receptor was purified as described (Mischak et al., 1988 ) with minor modifications. The plasma membranes of 2 x 109 HeLa cells were solubilized in 5 ml phosphate-buffered saline (PBS) containing 1 ~ (w/v) 1-O-n-octyl fl-D-glucopyranoside (OG) and 0.01% (w/v) each of L-~-p-tosyl-L-lysine chloromethyl ketone, L-1-tosylamide 2-phenylethyl chloromethyl ketone and phenylmethylsulphonyl fluoride (all from Sigma) for 10 min at room temperature. Insoluble material was removed by centrifugation at 30000 r.p.m, for 30 min in a Beckman 65 fixed angle rotor. The supernatant was applied onto a 25 ml Lens culinaris lectin column equilibrated with OG (1% w/v in PBS) and bound material was eluted with 5 ml of OG solution containing 1 M-at-methyl glucose. The eluate was brought to 50 % saturation by addition of the same volume of saturated ammonium sulphate solution. The precipitated material was dissolved in 2 ml of buffer A (10 mM-Tris-HCl pH 7.5, 5 mM-EDTA, 1% w/v OG) and injected 0000-8280 © 1988 SGM onto a Mono P anion exchange column connected to a Pharmacia F P L C (fast protein liquid chromatography) system. The proteins were separated using a gradient from 0 to 100~ buffer B (as A but containing 1-5 M-NaC1). Fractions containing the virus-binding activity were pooled, concentrated with a Centricon tube to 0-5 ml and run on a Superose 6 column equilibrated with O G solution containing 5 m~-E D T A . The protein concentration was monitored by the absorbance at 280 nm (Fig. 1 a) . The fractions from this column were concentrated to 50 ~tl, made 0.1 ~ (w/v) in SDS and run in triplicate on a 6~ polyacrylamide gel containing 5 mM-EDTA (Laemmli, 1970) . The proteins separated in the gel were then either stained with Coomassie Brilliant Blue (Fig. 1 b) or electrophoreticaUy transferred to a nitrocellulose sheet (Burnette, 1981) which was incubated with 4 x 105 c.p.m. 35S-labelled HRV2 under the conditions described for dot blots (Mischak et al., 1988) . The nitrocellulose was then dried and autoradiographed (Fig. 1 c) . As a control for specific binding an identical blot was incubated in the presence of a 20-fold excess of unlabelled HRV2 (Fig. 1 d) . It can be seen that fractions 6 and 7 from the Superose column contained material which was able to bind HRV2 when transferred to the nitrocellulose. The autoradiograph shows several bands with an apparent Mr > 300K in addition to one band at a position corresponding to approx. 120K when compared to protein markers run on the same gel (Fig. 1 c) . Only this 120K band disappears in the control containing excess unlabelled virus ( Fig.  1 d) demonstrating specific interaction of this protein with HRV2. The polyacrylamide gel containing identical samples and stained with Coomassie Brilliant Blue shows a very faint band at a position corresponding to the radioactive band on the Western blot. This band is only found in the samples obtained from fractions 6 and 7 which exhibit virus-binding activity (Fig. 1 b) . The restoration of an active receptor is dependent on mild conditions because boiling in SDS irreversibly destroys its activity (compare Fig. 2, lanes 1 and 2) . When the receptor preparation was incubated with 10 mM-dithiothreitol before loading onto the polyacrylamide gel, no binding was observed (Fig. 2, lanes 3) . As the specific interaction of rhinoviruses with their receptors is dependent on the presence of divalent cations (Nobel-Harvey & Lonberg-Holm, 1974; Mischak et al., 1988) a blot obtained from a sample identical to the one applied onto lane 1 (Fig. 2) was incubated with virus in the presence of EDTA. Under these conditions no binding could be observed (Fig. 2, lane 4) . As a further control the nitrocellulose sheet was incubated with HRV2 which had been heated to 56 °C. This treatment leads to a structural change of the viral capsid which precludes recognition of the virus on the HeLa cell surface (Lonberg-Holm & Yin, 1973) . As seen in Fig. 2 , lane 5, no binding occurred under these conditions.
The minor group receptor migrates with an apparent Mr of 120K on the polyacrylamide gel in its unreduced form in the presence of SDS. Sometimes a barely visible band with a slightly lower Mr can also be observed which might represent a modification of the bulk of the receptor protein (Fig. 2, lane 1) . It should be borne in mind, however, that under the conditions used the polypeptides might not unfold completely leading to inaccurate estimation of the Mr. The values determined are considerably higher for both forms of the receptor than that found for the major group receptor (90K). As both receptors exhibit an Mr of about 450K in their native state it is not unlikely that their subunit structure is similar. The actual Mr of the receptors might however differ from the one determined by gel permeation chromatography because of the small difference in retention volumes of proteins in this high Mr range. The picornavirus structure shows a deep depression (the canyon), running around the fivefold axes of icosahedral symmetry, which is thought to contain the receptor binding site (Rossmann et al., 1985) . It has Short communication been proposed that the rhinovirus major group receptor and the receptor for the coxsackie B virus group (Mapoles et al., 1985) bind the virus at the fivefold axes. The question as to whether the minor group receptor is a pentamer remains open as the Mr of its subunits, as determined under our conditions, is rather high when compared to the major group receptor.
Pentameric membrane receptors are known to carry out important functions in the physiology of the cell (Kubalek et al., 1987) . Whether similar membrane pore proteins are used by picornaviruses to gain entry into the cell will remain unclear until the structures of the receptors have been determined in detail. The possibility of correlating a protein band on a polyacrylamide gel with virus-binding activity will allow us to purify the rhinovirus minor group receptor to homogeneity, to obtain antibodies against it and thus enable identification of the gene coding for it. This approach should help to elucidate further the features and functions of this membrane structure.
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